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1078–5884/00A Prospective Randomised Controlled Trial of VNUS
Closure versus Surgery for the Treatment of Recurrent Long
Saphenous Varicose Veins
R.J. Hinchliffe, J. Ubhi, A. Beech, J. Ellison and B.D. Braithwaite*Department of Vascular and Endovascular Surgery, University Hospital, Nottingham, UKObjective. This study aimed to assess the outcome of endoluminal thermal ablation (VNUS) and traditional redo groin
surgery (RGS) and long saphenous vein (LSV) stripping in patients with bilateral recurrent long saphenous varicose veins.
Methods. This was a randomised patient controlled double blind study. Sample size calculations required 16 patients. Their
median age was 54 and 11 were women. The median CEAP class was 3. At operation one leg, chosen at random, was treated
with VNUS and avulsions using intra-operative duplex control. The other leg was treated with traditional RGS, exposure of
the femoral vein, stripping of the LSV and multiple avulsions. Post-operatively patients completed 10 cm visual analogue
scales for pain and bruising. Digital Image analysis was used to objectively assess bruising. Statistical analysis was done
using Wilcoxon signed rank test for paired data. Results are expressed as median values (inter-quartile ranges).
Results. Time to perform VNUS was 25.5 (20.5–31.3) min compared with 40 (34.5–45.5) min it took for RGS (pZ0.02).
Pain score for VNUS was 1.7 (0.2–4), significantly lower than that for RGS 3.8 (0.6–6.3) (pZ0.02). Bruise score for VNUS
was 1.7 (0.4–4.4), and that for RGS was 5.2 (2.6–7) (pZ0.03). All LSVs were sealed by VNUS at duplex follow up. Three
legs in the RGS group and two in the VNUS group had a minor complication.
Conclusions. VNUS caused less pain and bruising and was performed more quickly than RGS. VNUS should be considered
the treatment of choice for recurrent long saphenous varicose veins.Keywords: Recurrent varicose veins; Endoluminal thermal ablation; VNUS; Digital image analysis.Introduction
Most patients with varicose veins in the long
saphenous vein (LSV) territory are treated with
sapheno-femoral junction (SFJ) ligation, stripping of
the LSV and multiple avulsions. Recurrent varicose
veins can occur in 60% of patients.1 This may be
related to operative technique, inadequate flush
ligation of the SFJ or inadequate stripping of the LSV.
Even when performed by an experienced vascular
surgeon, recurrences may develop by other routes,
such as neovascularisation. In one study this
accounted for over half of recurrences.2
Recurrent varicose veins can require extensive
surgery and be more difficult to treat. In one
observational study, 40% of patients who had re-dong author. B.D. Braithwaite, Department of Vascular
cular Surgery, University Hospital, E Floor, West Block,
Nottingham NG7 2UH, UK.
: bruce.braithwaite@qmc.nhs.uk
0212 + 07 $35.00/0 q 2005 Elsevier Ltd. All rights reservaricose vein surgery by a combination of direct and
indirect approaches suffered complications like lym-
phatic leaks or infections,3 Small studies suggest that
new techniques such as ultrasonic dissection may not
reduce the lymphatic complications associated with
extensive re-do groin surgery.4
Consequently, alternative, less invasive techniques
are attractive. A variety of new techniques exist, which
have been used to treat patients with primary varicose
veins. One of these treatment modalities, endovenous
radiofrequency thermal ablation has been demon-
strated in randomised controlled clinical trials to
reduce the morbidity of primary varicose vein
surgery.5
The current study was performed to test the
hypothesis that endovenous thermal ablation (VNUS
Medical Technologies, Inc., Sunnyvale, CA) could be
performed equally efficaciously, but more rapidly and
with reduced morbidity compared with standard
surgical therapy.Eur J Vasc Endovasc Surg 31, 212–218 (2006)
doi:10.1016/j.ejvs.2005.07.005, available online at http://www.sciencedirect.com onved.
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Patients who presented to the Department of Vascular
and Endovascular Surgery at University Hospital,
Nottingham or Nottingham City Hospital with bilat-
eral recurrent varicose veins were considered for
inclusion. All had recurrent varicose veins previously
treated by sapheno-femoral ligation, and were of
CEAP class 2 and above.6 Patients were assessed
with duplex ultrasonography (GE TruScan Logic 9
Ultrasound System, GE Medical System, Milwaukee,
Wisconsin, USA) (AB) to identify the presence of an
incompetent sapheno-femoral junction and reflux in
the LSV. Some 70% of patients had a persistent and
incompetent LSV suitable for treatment with endo-
luminal thermal ablation (VNUS).
The study was a randomised patient controlled
double blind study. For each patient, one leg was
selected at random to receive traditional re-do groin
surgery (RGS) and the other VNUS. The study
received local ethics committee approval. Patients
were enrolled between December 2002 and June
2004. All patients gave informed written consent.
Inclusion and exclusion criteria are given in Table 1.
Patients were given a general or regional anaesthetic.
Operations were performed in a National Health
Service Teaching hospital and in private hospitals.Recurrent groin surgery
Traditional RGS was performed by a single surgeon
(BDB) in a standard fashion. A groin crease incision
was used. The common femoral vein was approached
indirectly (laterally) from the common femoral artery.
A total of 5 cm of deep vein (common femoral vein and
superficial femoral vein) above and below the SFJ was
dissected. All tributaries of the deep veins were ligated
and the LSV was stripped to the level of the knee using
a disposable stripper. An inversion stripping tech-
nique was used. The groin incision was closed in two
layers. An absorbable subcuticular suture was used. A
long acting local anaesthetic was injected into theTable 1. Inclusion and exclusion criteria
Inclusion Exclusion
Informed consent No consent
Age O18 years Pregnancy
CEAP class R2 Excessively tortuous LSV
Previous LSV surgery LSV diameter less than 3 mm
LSV diameter greater than
12 mm
Thrombotic scarring of LSV
No LSV presentgroin wound (Levobupivicaine 0.5%, Abbot.). The
time taken from the first incision to closure of the
wound was recorded.Endoluminal thermal ablation
Under the same general anaesthetic as RGS, VNUS
was performed by a single surgeon (BDB) on the
contralateral leg under duplex ultrasound (TITAN
Ultrasound System, Sonosite, Bothell, WA, USA)
control by an ultrasonographer (AB). A guidewire
was introduced into the LSV at the level of the knee
using a Seldinger technique. Following insertion of a
6- or 8-French sheath the VNUS catheter was
advanced to the sapheno-femoral junction. Tumescent
saline was used when there was a distance of less than
1 cm between the LSV and the overlying dermis. This
was to prevent thermal injury to the skin. An Esmarch
tourniquet was used to compress the LSV. Bipolar
electrodes at the end of the VNUS catheter provided
controlled heating of the LSV resulting in damage to
the vein wall and closure of the lumen of the vessel.
The electrodes were withdrawn in a controlled fashion
along the LSV. The surgeon pulled the catheter back in
1 cm increments according to changes in the tempera-
ture, power and impedance readings shown on the
VNUS heat generator. The median length of LSV
treated by VNUS was 31 (range 28–35 cm). A Duplex
scan was performed immediately after the procedure
to ensure shrinkage of the vein and check the
appearance of the vein wall. A detailed explanation
of the technique is given elsewhere.7 The time taken
from the start of the intra-operative duplex scan, prior
to cannulation of the LSV, to the end of the completion
scan was recorded.
Multiple stab avulsions of varicose veins were
performed in all legs. Post-operatively the patient’s
legs were bandaged with 15 cm crepe bandages. To
ensure patients were not made aware of the treatment
done, both groins were dressed with an opaque
dressing regardless of whether a groin dissection had
been performed. Nurses on the ward were instructed
not to tell the patients which leg had been treated with
VNUS. The day after the operation (day 1) the
bandages were removed and the patients were
allowed to shower. They were then discharged and
asked to wear light compression stockings for 2 weeks.
Patients completed post-operative assessment data
sheets for 10 days. A 10 cm visual analogue scale was
used for self-assessment of pain and bruising (Fig. 1).
Between the 5th and 8th post-operative days
(median day 7) a nurse specialist, who was not
aware of the type of surgery performed, visitedEur J Vasc Endovasc Surg Vol 31, 2 2006
Fig. 1. Visual analogue scores for pain and bruising.
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image analysis of the photographs was then used to
objectively assess bruising.
Four views were taken using a hand-held Canon
Digital IXUS v3 digital camera (Canon Inc., Tokyo,
Japan) without zooming and at a size of 2048!
1536 pixels. All pictures were taken with the patient
standing next to a wall, and captured the whole of the
patients’ legs, from the pubic region to the feet. While
every effort was made to remove all dressings from the
patients’ legs, some were left on when, in the nurse’s
opinion, removal would have been detrimental.
Photographs were taken at a set distance of 1.5 m
from the patient and at 908 to the plane in which the
patient was standing. The four views were anterior,
left lateral, posterior and right lateral (Fig. 2).
Digital images were processed using SigmaScan Pro
5.0 image analysis software (SPSS Inc., Chicago,
Illinois, USA). Bruising was defined as any blue,
black, yellow or brown discolouration of the skin that
was not noted on pre-operative photographs. The
overall area of bruising in each lower limb was
calculated and given as a percentage of the total area
of the lower limb (Figs. 3 and 4). The assessor of the
digital images was not aware of the treatment given to
either leg.
All patients were followed up and assessed with
duplex scans (GE TruScan Logic 9 Ultrasound System,
GE Medical System, Milwaukee, Wisconsin, USA)
within 6 weeks of operation. A further scan was
performed at 1 year.Eur J Vasc Endovasc Surg Vol 31, 2 2006Patients
During the study period, 19 patients with bilateral
recurrent varicose veins were found to be suitable for
inclusion. Two patients declined to enter the study and
for one patient, the equipment for VNUS was not
available at the time of their operation. Some 16
patients, with a median age of 54 (44–66) years, were
enrolled in the study. Twelve patients were women
and the median CEAP class was 3 (class 2, nZ1; class
3, nZ14; class 4, nZ1). VNUS was performed on the
left leg in 10 patients and on the right in the remaining
six. In one patient percutaneous cannulation of the
LSV at the knee proved unsuccessful after three
attempts. The sheath was then inserted via a stab
incision.Statistics
Results are expressed as median values with inter-
quartile ranges. Variable data were analysed using
Wilcoxon’s signed rank test for paired data.Results
VNUS treatment was faster than RGS. The median
time to perform VNUS was 25.5 min (20.5–31.3)
compared with 40 min (34.5–45.5) for RGS (pZ0.02).
Patients had less pain in the leg treated with VNUS.
Fig. 2. Digital image analysis of surface area of leg.
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(0.2–4) compared with 3.8 for RGS (0.6–6.3), (pZ0.02).
Patients perceived less bruising with VNUS. The
median patient bruise score was 1.7 (0.4–4.4) for VNUS
compared with 5.2 (2.6–7) for RGS (pZ0.03).
Using digital image analysis, the percentage of
bruising was greater in the leg treated with RGS (21.8
(15.7–28.5) %) than for VNUS (11.9 (8.9–18.3) %) (pZ
0.02).
There was no significant difference in the number of
avulsions required for either leg. A median of 11
avulsions (9–16) were needed for those legs treated
with VNUS compared with 13 avulsions (8–18) for
RGS.
There were no episodes of vessel perforation,
thrombosis of the deep veins, pulmonary embolus,
skin burns or lymphatic leak after either procedure.
When the legs that had VNUS were examined
clinically at initial follow up, two patients, experienced
post-operative neuralgia and another two complained
of discomfort in the thigh. On duplex scanning, 13
patients had complete occlusion of the LSV. Three
patients had partial occlusion of the LSV with small
sections of vein still patent. None had a LSV in
continuity. There was duplex evidence of persistentFig. 3. Objective bruise coverage calculation using digital
image analysis of bruise surface area.incompetence in accessory truncal veins (antero-
lateral and pudendal) in three legs.
When the legs that had RGS were examined
clinically at follow up, one patient had had a post-
operative superficial wound infection. This was
treated with oral antibiotics by their family prac-
titioner. Three patients complained of numbness, one
had persistent thrombophlebitis and one had unilat-
eral leg oedema. On duplex scanning 14 LSVs had
been completely stripped while two were partially
stripped. There was duplex evidence of persistent
incompetence in accessory truncal veins (antero-
lateral and pudendal) in two legs.Discussion
This study shows that VNUS is better than RGS in the
management of patients with recurrent long saphe-
nous varicose veins. It can be performed more quickly
and with less post-operative pain and bruising than
RGS. The procedure can be undertaken safely and
without major complications.
As this was a within patient double blind study, it
was possible to obtain significant results with only a
small number of patients. Patients acted as their own
controls and could therefore help in the assessment of
the outcome. Despite attempts to prevent them, it is
possible that patients might have been aware of the
treatment assigned to their legs. The results of the
objective bruise analysis support the patients’Eur J Vasc Endovasc Surg Vol 31, 2 2006
Fig. 4. Example of digital image analysis of bruising.
R. J. Hinchliffe et al.216perception and it is therefore unlikely that patients
were biased to one form of treatment.
As the side to be treated with VNUS was assigned at
random there should have been an equal distribution
of varicosities within the study group. Much of the
bruising was in the thigh and this was directly related
to the stripping of the LSV. It is possible that the legs
that had more avulsions would have had more
bruising and pain. There was no significant difference
in the distribution of avulsions performed. It is
unlikely that the bruising from the avulsions biased
the results in favour of VNUS.
It could be argued that the surgeon biased the
results of operative time in favour of VNUS by
operating more slowly on patients undergoing RGS.
However, a review of the surgeon’s logbook showed
this not to be the case. The median time to perform
RGS in patients with unilateral RGS treated during the
recruitment period for the study was 29 min (26–43).
The median time to perform unilateral VNUS for
recurrent veins during the same period was 24 min
(20–30).
There was less bruising assessed by both subjective
and objective methods in lower limbs undergoing
VNUS. Visual analogue assessment of pain has been
validated in other studies and is an easy way of
measuring pain severity. Digital image analysis has
been used extensively in burns patients to permit
digital characterization of the burn wound.8 It has alsoEur J Vasc Endovasc Surg Vol 31, 2 2006been used in other areas including endoscopy and
neurosurgery.9,10
Patients experienced less pain in VNUS limbs.
Study design does not permit comment on whether
the increase in bruising and pain in limbs undergoing
RGS resulted in a delayed return to normal activity
when compared with VNUS. This is the subject of a
current project. Other studies on primary varicose
veins have shown a more rapid return to normal
activity with VNUS.11
Endovascular methods of treating varicose veins
are not new.12 They are based on the principle of
damaging the endothelium of the LSV, resulting in
thrombosis and subsequent fibrosis. These procedures
were performed in an uncontrolled fashion using
diathermy. Unsurprisingly, this resulted in compli-
cations, including skin burns and paraesthesiae.13
Thermal injury to adjacent tissues due to heating is
now less of a problem with modern techniques such as
VNUS. In one study, 8.5% of patients complained of
paraesthesia 1 week post-operatively.14 By 6 months,
this figure had dropped to 0.7%. In this study
neuralgia was a problem for two patients who had
VNUS and three who had stripping.
In the present study all patients had general
anaesthesia. Both procedures were performed in the
same patient. It was, therefore, not possible to use local
anaesthesia for VNUS. An alternative may have been
to use local anaesthesia for both RGS and VNUS. RGS
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make a local anaesthetic procedure difficult. It is
possible to perform VNUS under local anaesthesia.
There are some potential benefits of doing VNUS
under local anaesthesia. Principally, this is because
injection of a local anaesthetic around the LSV
(‘tumescent anaesthesia’) may collapse the vein,
further promoting intimal injury, lumen thrombosis
and fibrosis. Secondly it acts as a ‘heat sink’ to protect
the surrounding tissues from damage. This technique
was thought responsible for the low rate of para-
esthesiae published in Weiss’s study.14 Paradoxically,
Fassiadis noted sensory problems in 6 of 18 legs (12
patients) in their study using VNUS for recurrent
veins.15 They did not use local anaesthesia. In the
present study tumescence was used selectively. Vein
compression was achieved using an Esmarch bandage.
This is unlikely to be tolerated by patients under local
anaesthesia.
The total time to perform VNUS included the pre
and post intra-operative duplex scans. Scan time
might be further reduced by pre-operatively marking
the course of the LSV. A recent in vitro study suggests
that the time to perform VNUS pullback may actually
decrease. The authors of that study demonstrated
successful endoluminal thermal ablation in an animal
model by heating the vein up to 85C and withdrawing
at 3 cm/s compared with the current recommendation
of 90C at 6 cm/s. There appeared to be no damage to
adjacent structures.16 Many practitioners have been
trained to withdraw the VNUS catheter at a slow,
steady rate maintaining the intraluminal temperature
above 85C. The surgeon in this study has completed
over 100 treatments with VNUS. He pulls the catheter
back at 1 cm intervals once the power required to
produce heating has reduced. This appears to speed
up treatment times. New heat generating systems are
now available to indicate when the catheter should be
pulled back. These techniques may further reduce the
time to perform VNUS.
The procedural costs of VNUS are greater than for
RGS. The additional requirements for VNUS are the
catheter, sheath, radiofrequency generator and in this
study, the presence of a trained duplex ultrasonogra-
pher. This study was not designed to assess return to
normal activity but there may be economic advantages
to using VNUS compared with RGS. Patients treated
with VNUS returned to work 9 days (6.5-v-15.6)
sooner than those who had open surgery for primary
varicose veins.11 When the reduced convalescence was
incorporated in to their financial calculations the new
procedure resulted in an overall saving to society.
It has been suggested the overall pain scores are no
different in bilateral operations compared withunilateral.17 The study reported on primary operations
and did not take in to account a reduced level of
mobility, which may occur because of the extra
dissection performed in RGS. A survey of vascular
surgeons performed at the Royal Society of Medicine
and presented at the Venous Forum, Newcastle, 2003
showed most vascular surgeons admit patients to
hospital for bilateral recurrent varicose vein surgery
because of the associated length of operating time and
post-operative pain. It is possible that offering bilateral
recurrent vein surgery with VNUS as a day-case
procedure could reduce the overall cost to the
healthcare budget still further.
Some 30% of patients with recurrent varicose veins
will not be morphologically suitable for VNUS. Some
patients will not have a suitable LSV, either due to
excessive scarring, tortuosity or small diameter. In
others the LSV will be absent. In our unit, when
indicated, all the vascular surgeons attempt to remove
the LSV at the time of primary and recurrent vein
surgery. The high number of persistent LSV in our
urban community may be a legacy from the practice of
general surgeons in the past who did not routinely
remove the LSV. With time, there may be a reduced
requirement for VNUS in recurrent veins. There are,
however, other factors that may mean it will continue
to be useful. A review from Edinburgh in 1994
demonstrated 26/36 (72%) consecutive patients pre-
senting with recurrent varicose veins for surgery had
SFJ incompetence as their primary pathology.18 In
another morphological study of recurrent varicose
veins using duplex in 264 lower limbs (all had
previously undergone SFJ ligation), 172 (65%) had a
recurrent SFJ. Even in those limbs where LSV stripping
was described in the operation record, 43% were
found to have a residual LSV.19
There were no treatment failures in this study. All
RGS procedures and VNUS were performed success-
fully. The long-term efficacy of VNUS has not been
established. Immediate closure of the LSV is very
encouraging with the majority of studies exceeding a
90% success rate in primary varicose veins and 2-year
re-patency rates of the LSV of 10%.14,20 In one recent
multi-centre study, 88% of patients did not show any
evidence of reflux in the LSV 3 years following
VNUS.21 In open surgery, the re-recurrence rate is
high. Consequently some centres have tried adjunctive
measures to try to reduce this problem. Some have
used Dacron patches and others have used silicone to
cover the CFV.22 In one study, even with extensive
surgery and a barrier (PTFE) sutured at the ligated SFJ,
the recurrence rate was 12% at a median follow-up of
19 months.23Eur J Vasc Endovasc Surg Vol 31, 2 2006
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assess long-term recurrence rates. Further recruitment
and follow-up will hopefully provide a meaningful
comparison of the long-term durability of the two
procedures. However, the results from available
studies seem to suggest that a very large trial would
be necessary to demonstrate a significant difference in
re-recurrence rates between the two techniques.
Other new treatment modalities have been used for
primary varicose veins, notably endovenous laser
therapy (EVLT).24 No data have been published
using this treatment for recurrent varicose veins. The
principles of endoluminal access and endothelial
injury are similar, only the method varies. In addition
to an ultrasonographer, full laser precautions must be
undertaken. EVLT has yet to be compared with VNUS.
VNUS is faster, less painful and causes less bruising
than traditional recurrent groin surgery. It should
probably be the standard against which other treat-
ments should be compared.Acknowledgements
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